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A vast collection of different data types is available 
for Populus trichocarpa [1]. A collection of 
~28,000,000 Single Nucleotide Polymorphisms 
(SNPs) called across 882 genotypes have recently 
been publicly released. DNA methylation data in the 
form of MeDIP (Methyl-DNA immunoprecipitation) 
sequencing has been performed on 10 different P. 
trichocarpa tissues [2]. We have used these different 
data types as signals, which vary across a 
chromosome, for example, the gene density, SNP 
density, SNP correlation (LD) density, TE density, 
low complexity sequence density, or methylation 
density across a chromosomes in P. trichocarpa 
genome. Applying the Continuous Wavelet 
Transform signal processing technique allowed us to 
characterize the variation in these signals at multiple 
scales, and consequently, allowed us to identify the 
centromere (Figure 1) posi t ions of each 
chromosome based on these various data signals. 
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Figure 1: Diagram of chromosome depicting 
centromere. 

Figure 2: Feature Signals for Chromosome 2. The outlined region indicates where the SNP and gene 
signals have valleys whereas the MeDIP signal has a peak. This coincides with the putative centromere 
position of chromosome 2 [2]. 

Con)nuous	Wavelet	Transforms	
Chromosome feature  signals contain variation on multiple scales, including high frequency (narrow) 
peaks and low-frequency (broad) peaks. These different scales of peaks contain different information. 
Thus, techniques to analyse these signals at different scales are valuable (see [5,6]). The Wavelet 
Transform can be used to unpack the information in different scales of a signal. What results from a 
wavelet transform is a wavelet coefficient W(s), for every scale s and translation tau [8,9]. Given the 
peak-like shape of the wavelet (Figure 3), a wavelet coefficient will indicate “how much of a peak” is 
present at a particular scale and at a particular position of the signal. Thus, the wavelet transform allows 
us to investigate the peaks of a signal at different scales. 

Centromere 

CENH3 
(Centromere-specific histone protein) 

P. trichocarpa SNPs (DOI 10.13139/OLCF/1411410) available on the OLCF DOI resource were 
obtained, and P. trichocarpa genome annotations [1] as well as aligned MeDIP reads [2] were 
obtained from Phytozome [3]. For each chromosome, signals were constructed based on 4 features: 
SNP density, gap density, gene density and MeDIP read count density. Each of these signals was 
constructed  for 10kb windows. 
 

Figure 3: The Ricker wavelet shown for different values of scale s and translation tau in Equation 1. 

Figure 4: CWT Coefficient landscapes of chromosome 2 for (A) SNP density, (B) gene density, (C) 
methylation (MeDIP-Seq read density, internode explant tissue) and (D) genome gap density. X-axes 
represent the bp dimension of the signals, Y-axes represent scales (s in Equation 1). Blue regions 
indicate positive coefficients and red regions indicate negative coefficients. 

Centromere	Posi)on	Iden)fica)on	

Figure 6: Steps in the centromere Identification 
strategy. 

Figure 5: “Tooth x-ray” centromeric signature for (A) SNP density and (B) methylation density, consisting of 
a broad-scale peak encompassing the centromeric/pericentromeric regions, and the lower scale valley 
within the large peak indicating the centromeric region. 

CENH3	Co-evolu)on	

Figure 7: Putative centromere positions (yellow diamonds) using methylation and SNP wavelet 
coefficients, as well as the density of BLAST matches of plant centromere repeat sequences (navy 
bars) and putative P. trichocarpa centromere repeat sequences (red bars) [11]. 

Figure 8: SNP density profiles across a selection of chromosomes involving SNPs which which 
correlate with SNPs in putative CENH3 genes, Potri.002G169000 and Potri.014G096400 across a 
population of P. trichocarpa genotypes. One can clearly see the clusters of SNPs in the centromeric 
regions which are correlating with SNPs within these CENH3 genes. 
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Figure 9: SNPs in putative P. trichocarpa CENH3 genes Potri.002G169000 and Potri.014G096400. 
Exons (blue) for Potri.014G096400 were determined from the v3.0 genome annotation on Phytozome  
and from mapped ESTs on Phytozome Jbrowse for Potri.002G169000. Grey circles represent SNPs, 
red circles represent SNPs that correlate with SNPs in centromeric regions. Orange rectangles 
indicate the location of the histone domain as determined using NCBI CDScan. 
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1.  Identify the position of the maximum wavelet 
coefficient in the upper third of the methylation 
landscape (pericentromere scale).  

2.  Find the putative pericentromere borders as 
the zeros on their side of this maximum. 

3.  Identify the the minimum coefficient in the 
lower two thirds of the SNP wavelet landscape, 
between the approximate pericentromere 
borders (centromere scale). 

4.   Extract the SNP wavelet coefficient vector at 
centromere scale and the methylation wavelet 
coefficient vector at pericentromere scale. 

5.  Mean center (mean = 0) and scale these 
vectors to have standard deviation 1, and find 
the approximate centromere location as the 
position of maximum difference between these 
two vectors. 
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